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BACKGROUND
Nanotechnology is an exhilarating area in science & technology offering immense opportunities in different fields with special interest to medicine and pharmaceuticals.
Manipulation in particle size to nanometer scale can alter the fundamental and biological activity to a great extent by:
 site specific targeted drug delivery  altering/regulating the release of drug  altering the solubility and blood retention time after consumption Nano-structure shares diverse range of material having at least on dimension in the range of 1-100 nm. It also includes fluorescent particles, the newest member of nano structures known as carbon dots. These particles, prepared form variety of natural biomolecules can become potential alternative to conventional metal-based quantum dots due to compatibility with biological systems [1] . Carbon dots (CDs) are recently added class of carbon materials that can be produced by ultrasonication, microwave and hydrothermal methods which can be used as coating material and carrier for drugs [2] [3] [4] .
Besides conventional metal particles, CDs prepared from variety of biological materials such as fruits and vegetables juices and peels, grass and plant leaves, carbohydrates, organic acid (citrates) and other natural products [5] have gained much attention due to simpler synthesis route, stability, water solubility, high bio-compatibility and non-toxicity [6] [7] [8] [9] . These C-dots have been widely used in process catalysis, light emitting devices and environmental monitoring but their applicability in drug delivery and bioimaging is commendable [10] [11] .
The xylitol, natural sugar alcohol is naturally present in certain vegetables and fruits.
Because of its' equivalent sweetening power and lower calorie (40%) content, it has been 4 widely used in food, pharmaceutical and cosmetic industries. Previously it has been reported that xylitol can prevent the adherence of major otopathogens including Haemophilus influenzae, S. pneumoniae to nasopharyngeal epithelial cells and effectively inhibit their growth. It has also been reported that xylitol consumption reduces ovariectomy-induced bone resorption and increases the trabecular bone volume [12] [13] . Keeping in view the importance of C-dots, current research work was designed to prepare C-dots from xylitol, produced from sugarcane bagasse by fermentation. Xylitol, purified from the fermentation broth was used for C-dots preparation and further evaluated for their antimicrobial potential.
RESULTS
For carbon dots preparation, xylitol was produced by fermentation of sugarcane hydrolysate at 1.5 l working volume in 2 l fermentor (New Brunswick Scientific, USA).
Maximum conversion of 71.98 % (0.76 g/l.h) xylose to xylitol was recorded after 56 hr.
Xylitol was recovered from the fermentation broth after removal of impurities and purification of desired products by activated charcoal treatment, cation & anion exchange treatment followed by vacuum evaporation. Maximum decolorization efficiency (upto 99.69 %) was recorded after treating fermentation broth with activated charcoal and ion exchange resins. Finally 48.49±0.45 g of xylitol crystals were recovered with (94.56% purity) after freeze drying (-20 o C) overnight followed by washing with solvents. Purified xylitol crystals were further used for carbon dots synthesis.
Preparation and characterization of Carbon dots: 152.15 mg of xylitol crystals were dissolved in 10 ml of distilled water and mixed with 10µl of HCl and EDA. Contents were mixed by vigorous stirring for 2 min and heated in microwave oven for 2-5 minutes. After microwave treatment, content became yellow-brown thick gel like material which was dissolved in distilled water and purified by dialysis.
All the nano-crystals are represented as arrays of periodically arranged atoms in threedimensional (3D), two-dimensional (2D) or one-dimensional (1D) nano-structures while in case of amorphous atoms are randomly assembled. Different morphological, physical and nano-structures [14] . X-ray diffraction pattern of sample, shown in Figure 2 indicated that sample showed very poor crystallinity and its polymorph can't be identified. can be attributed to -OH that is out of plane. (Table 1) . This tremendous increase in antimicrobial activity of conjugates suggested it's possible in combination with conventional drugs.
The results on MIC w.r.t. four pathogens (inhibited by pure xylitol) showed that Am-C dots conjugates were more effective and even very small concentration of conjugates were sufficient to inhibit microbial growth in comparison to antimicrobials. As shown in table 2 and figure 6, only 0.01 mg/ml of conjugates was sufficient against S. pyogenes but 0.16 mg/ml xylitol and 0.08 mg/ml antimicrobial was required. Similarly only 0.04 mg/ml conjugates were sufficient to inhibit the growth of C. albicans and Cryptococcus while much higher concentration of xylitol (1.25 mg/ml) and antimicrobials (0.16 mg/ml) were required for the same purpose. 
DISCUSSION
Xylitol is an important constituent of many healthcare products including toothpaste, mouthwash and anticariogenic products [18] [19] .
It prevents acute otitis infection caused by
Streptococcus pneumoniae mediated by fructose phospho-transferase system [20] . 
MATERIALS
For xylitol production, sugarcane bagasse extract was fermented by Pseudomonas gessardii VXlt-16 (GenBank Accession Number MG770460) which was further used for carbon dots preparation. 1500 ml sugarcane bagasse extract, prepared by acidified steam blast (0.4N HCl) was fermented in 2l fermenter (New Brunswick Scientific, USA) for upto 52 hr and xylitol recovered by using activated charcoal [27] and Ion-exchange resins (DEAESepharose and SP-Sepharose) [28] [29] followed by concentration of fermentation broth and freeze drying.
Preparation of xylitol carbon dots:
Xylitol carbon dots (CDs) were prepared by 'Microwave Based Surface Passivation Technique' using household microwave (700 W)
following the method given by Kim et al [25] . Concept of passivation is important to protect the material from thermal and chemical damage for which ethylene diamine (EDA) was used.
For CDs preparation 152.15 mg of xylitol dissolved in 10 ml of distilled water to which 10µl of HCl and EDA (1mM each) were added and mixed by vigorous stirring for 2 min. Mixture was heated in microwave oven for 2-5 minutes.
Purification of carbon dots:
Crude sample of C-dots was dissolved in distilled water, filtered from syringe filter (0.45 µm) and dialyzed against distilled water using dialysis membrane (MWCO of 500 -1000D) for 24 hr. To determine the fluorescence property of carbon dots, sample and control were observed under UV light in gel doc system. After confirmation of fluorescent nature, carbon dots were further analyzed for fluorescence properties by spectro-fluorophotometer (Shimadzu RF-6000) at CIF Jiwaji University Gwalior. Purified carbon dots were used for fluorescence analysis. In first analysis 300-900 nm of excitation wavelength was used and emission spectrum was recorded in continuous mode. In second analysis emission spectrum was recorded from 200-900 nm with respect to excitation wavelength of 340 nm. In both the cases, scan speed was 6000 nm/min.
Loading of antibiotics on xylitol carbon dots (AM-C-dots):
Anti-microbial-carbon dots conjugates (AM-C) were prepared by using 0.5 ml (1 mM) anti-microbial solution mixed with 9.5 ml (95 mg/ml) C-dots by continuous stirring for 3 h. Conjugate formation was studied by analyzing their UV-VIS Spectrum (200-800 nm) w.r.t pure C-dots and antimicrobial solutions. Drug loading efficiency (DLE) of C-dots was determined by following equation [26] :
Antibiotic release studies: Unbounded/free antimicrobials from AM-C conjugates were removed by dialyzing it against 1% phosphate buffer saline (PBS, pH 7.2) in dialysis bag at 37 o C [26] . During dialysis sampling was done at regular interval of time and recording absorbance at 348 nm for tetracycline and 293 nm for ketoconazole to determined the released AM. After each sampling, the phosphate buffer was replaced with fresh and prewarmed buffer. 
Analysis
Determination of Minimum Inhibitory Concentration (MIC): 'Micro Broth Dilution
Assay Method' was used to determine minimum inhibitory concentration of xylitol, carbon dots and CD-AM conjugates using Resazurin dye (300 mg/ 40 ml sterile distilled water).
Resazurin is non-fluorescent oxidation-reduction indicator, used to evaluate cell growth in various cytotoxicity assays [30] . It becomes pink and fluorescent when reduced to resorufin within viable cells.
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